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Abstract 

In this paper we prove the unobstructedness of the deformation of 
integral coisotropic submanifolds in symplectic manifolds, which can be 
viewed as a natural generalization of Weinstein's results (^) for La- 
grangian submanifolds. 



Let {X, Lo) be a symplectic manifold. A submanifold Y C (X, cj) is coisotropic 
if rank(cL'ly) — 2dim(F) — dimX. Real hypersurfaces and Lagrangian sub- 
manifolds in (X, w) are examples of coisotropic submanifolds. The closedness 
of bj implies that ker(a;|y) defines an integrable distribution on the coisotropic 
submanifold Y . The corresponding foliation T is called null foliation. We call 
Y an integral coisotropic submanifold if the leaves of the null foliation T are 
all closed and form a fibration tt : Y ^ S. Denote Fg = 7r~^{s) for s G S. 
Examples of integral coisotropic submanifolds are given later in this paper. 

For a Lagrangian submanifold L C {X,uj), according to the work of Weinstein 
0)j there exists an open neighborhood U C (X, w) of L and a symplectic open 
embedding {U,uj) {T*L,ujt*l), such that L C U is mapped to the zero sec- 
tion of T*L, where lut*l is the canonical symplectic form on T*L. The moduli 
space of Lagrangian submanifolds in (X^lo) near L modulo Hamiltonian defor- 
mation can be canonically identified with H^{L,M.). 



(YjUJy) is called a pre-symplectic manifold if uy is a closed 2-form on Y with 
constant rank. Gotay's coisotropic neighborhood theorem P implies that there 
exists a symplectic neighborhood (J7, w) containing Y such that uj\y = wy. 
Moreover, for another such symplectic neighborhood {U',uj') containing Y, 
by shrinking U and U' suitably, there exists a symplectomorphism ([/, lu) — > 
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(U',uj') that fixes Y. A coisotropic submanifold Y C {X,u}) naturally gives 
rise to a pre-symplcctic structure (Y,ll!\y)- The symplectic neighborhood of 
the coisotropic submanifold Y is completely determined by the pre-symplectic 
structure (K, 

The rather classical concept of coisotropic submanifold attracted quite some 
recent interests due to the work of Kapustin and Orlov relating coisotropic 
submanifolds in Calabi-Yau manifolds to mirror symmetry. Unlike the defor- 
mation of Lagrangian submanifold modulo Hamiltonian equivalence, which is 
unobstructed, canonically affine and of finite dimension, the deformation of gen- 
eral coisotropic submanifold modulo Hamiltonian equivalence turns out to be 
much more non-trivial and complicated. According to the work of Oh and Park 
P], the formal deformation of general coisotropic submanifold modulo Hamilto- 
nian equivalence can be reduced to a strongly homotopy Lie algcbroid, and is 
usually obstructed and of infinite dimension. 

In this work, we will discuss the deformation theory of integral coisotropic 
submanifolds. We will show that the deformation of integral coisotropic sub- 
manifold modulo Hamiltonian equivalence is unobstructed, canonically affine 
and of finite dimension. In some sense, integral coisotropic submanifolds are 
more natural analogues of Lagrangian submanifolds in terms of deformation 
theory. We should point out that being integral coisotropic is not invariant un- 
der small deformations of coisotropic submanifolds. 

In the appendix, we will give an alternative simple proof of the unobstructedness 
of the deformation of integral coisotropic submanifolds in symplectic manifolds 
using the smooth family version of coisotropic neighborhood theorems from 
0121 . From this point of view, the unobstructedness of the deformation of inte- 
gral coisotropic submanifolds can also be viewed as a consequence of the general 
philosophy (discussed in that the deformation of coisotropic submanifolds is 
determined by the deformation of the corresponding pre-symplectic manifolds, 
and the unobstructedness of the deformation of symplectic manifolds. 

The following lemma should be well known in symplectic geometry. 

Lemma 1 For an integral coisotropic submanifold Y C {X,uj), there exists a 
symplectic form ujs on S such that lu\y — 71*0^5. 

Proof: Let W he a vector field on Y along T. Then i(T/F)a'|y = and 
Cwi^W ~ dt{W)Lj\Y + i{W)dtj\Y = 0. These give us the desired result. ■ 

Let By denote the space of 1-forms /3 on the integral coisotropic submanifold Y 
such that d/3 = Tr*j for certain closed 2-form 7 on S. Consider a smooth family 
{Yt} of integral coisotropic submanifolds in {X,lu) with Yq = Y. We choose 
the deformation vector fields {Vt} for the family so that the null foliation Tt is 
preserved under the flow {<j)t} of {Vt}. (In general, such choice is possible if and 
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only if the null foliation structure is unchanged in the family. This is obvious in 
our integral case, where the null foliation is a fibration.) Let (3t = z(Vt)a;, and 
let H denote the local system on S with the fibre H^. = H^[Fs,^) for s G S". 
We have 

Lemma 2 (3 = (3q is in By- Consequently, [j3] = {(3\f,}s^s represents a locally 
constant section of H over S. Conversely, any element of H'^{S,H) can be 
represented in such way by some (3 G By so that [(3] — > [7] defines the natural 
map H^{S,VL) H^{S,R). [/?] = m i7"(S',H) if and only if (3 determines an 
infinitesimal Hamiltonian deformation. 

Proof: Let be a vector field on Y along JF. Since the null foliation is 
preserved by the flow, we have i(Vl^)(/)ja;|y — 0, i{W)d(3 — i{W)Cvi^\Y = 0. 
Consequently, dP descends to a closed 2-form 7 on S. 

Locally on S, we may write 7 — df3. Then f3 — 7r*/3 is closed and i3\f^ = 
{(3 — 7r*/3)|i?^ represents a locally constant class in H^{Fs,M.) for s G S. 

For the converse, pick a covering for 5* by open sets whose intersections 

are contractible, with a compatible partition of unity {pa}- For b G H^{S, H), 
it is easy to find closed 1-form (3'^ on Tr~^ {Ua) such that /3^|fs represents 
bs e i?^(Fs,M) for s £ Ua- (3' = '^laP'a''^* Pa dcfiues a global 1-form on Y 
such that (3'\f^ represents bs G H^{Fs.,R) for s £ S. Consequently, there exists 
smooth function fa on ■JT~^{Ua) such that (/?' — 13^)1 = dfa\F^ for s € Ua- Let 
Pa — f3'a + dfa, then Pa is a closed 1-form on n^^{Ua) such that Pa\F^ — P'If^ 
represents bs G H^{Fs,R) for s G Ua- Hence, Paa' — Pa — Pa' defined over 
T^~^{Uar\Ua') is closed and vanishes when restricted to Fs for s G UaCiUa'- Con- 
sequently, there exists a closed 1-form Paa' on Ua^Ua' such that Paa' — t^* Paa' - 
Since the sheaf of 1-forms on S is soft, there exists 1-form Pa on each Ua such 
that Paa' = Pa — Pa'- By our construction, it is easy to see that Pa — it* Pa on 
■n~^{Ua) (resp. —dPa on Ua) patch up to a global 1-form /3 on F (resp. global 
closed 2-form 7 on S) so that dp ~ 77*7. 

[P] — in iJ°(S', H) if and only if P\f^ is exact for all s G 5*. Hence, there 
exists a smooth function fonY such that P\f^ = df\F^ for all s G S. Let W 
be a vector field on Y along JT. Then i{W){P - df) — and >Ch'(/3 - df) = 
di{W)iP - df) + i{W)d{P - df) = iiW)TT*"f = 0. Consequently, there exists a 
1-form P on S such that P - df = tt*P, P = df + tt*P- Since the vector field 
determined by 7r*/3 is tangent to Y , P determines an infinitesimal Hamiltonian 
deformation. ■ 

Lemma |5] implies that the infinitesimal deformations of an integral coisotropic 
submanifold Y modulo infinitesimal Hamiltonian equivalence lie in H^{S, H). In 
the following proposition, we will verify that each [P] G H^{S, H) can indeed be 
realized as the infinitesimal deformation of a family {Yt} of integral coisotropic 
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submanifolds with Yq ~ Y. Namely, the deformation of integral coisotropic 
submanifolds is unobstructed. 

Proposition 1 For any [/3] e H), there exists a family {Yt} of integral 

coisotropic submanifolds for small t with Yq = Y , whose infinitesimal deforma- 
tion at all t is represented by [f3]. 

Proof: For any Ua in the open covering {Ua} of S, assume the deformation 
family {Yt} of integral coisotropic submanifolds with Yq = tt~^{U) C F is con- 
structed for some open subset U G Ua such that the infinitesimal deformation 
at any t is represented by [(3]\u G H^{U,ii). In the following, we will extend 
the deformation family to {Yt} with Yq = TT~^{Ua)- 

According to lemma|2 we may assume dP = 7r*7 for some closed 2-form 7 on S. 
Since Ua is contractible, there exists 1-form (3'^ on Ua so that 7|[/a = dp'^. Then 
the closed 1-form f3a — PItt-i^Uc) ~ '^*Pa '^~^{Ua) satisfies (3a\F^ — P\f^ for 

S G Ua- 

Choose the deformation vector fields {Vt} for the family {Yt} so that the null 
foliation Tt is preserved under the flow {(pt} of {V*}. The flow gives the 
smooth family of identifications (j)t ■ Yq = Tr~^{U) Yt for t small that also 
identify the fibres of null foliation. Let f3t — (/)ji(Vt)aj. By our assumption, 
[f3t] = [P]\u = [(3a]\u G -ff°(J7, H). It is straightforward to see that this condi- 
tion implies that there exists a smooth family of functions {ft} on Yt = Tr~^{U) 
and 1-forms (3't on U such that f3t = /3aU-i(t/) + dft + t^* P't ^^"^ /o = 0- R-^- 
placing Pt by PaU-^iu) + dft, we can make Pt closed and Pq = /3q,|^-i([/). {Vt} 
still generates the same {Yt} because the vector field corresponding to 7r*/3j is 
tangent to Yt. 

Let tJa be a small neighborhood of ^^^{Ua) in X. Since {Yt} is very close to 
Yq — TT^^iU) for t small, we may construct projections fct : Ua ^ '^^^{Ua) 
so that TTtWt = '■ Yt ^ Yq = iT~^{U) and 7roU-i(c/„) — ^^tt-^{Uc)- (Some 
of the open sets may need to be shrunk slightly, which does not affect our proof.) 

Extending {ft} from tt^^{U) to a smooth family of functions on TT^^{Ua) still 
satisfies /o = 0. Then Pt = T^t^Pa + dft) is a smooth family of closed 1-forms on 
Ua satisfying fitWt = i{Vt)uj and /3oU-i(;7„) = Pa for small t. Then Vt satisfying 
i{Vt)ijJ = Pt gives rise to a flow of symplcctomorphisms on Ua- This flow gener- 
ates the deformation family {Yt} with Yq ~ TT~^{Ua) that extends the previous 
deformation family {Yt} with Yq = tt^^{U). From the expression of Pt, the 
infinitesimal deformation at any t is clearly represented by [P]\uo, G H^{Ua, H). 

With the above argument, we may start the induction with [/ = 0. After the 
deformation family {Yt} is constructed over 7r^^(J7^), where = (J 
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take U — Ua H Ua for a ^ A. By induction, wc can construct the family {Ft} 
globally. ■ 



Let M.Y denote the local moduli space of integral coisotropic submanifolds 
(that are small deformations of Y) modulo Hamiltonian equivalence. To prove 
the smoothness of M.y near F, we need the following Proposition [3 

Consider two 1-parameter families {F-.t} of integral coisotropic submanifolds 
with Yrfl = F for r = 0,1. Assume the deformation vector fields {K-,t} de- 
termine the flows '■ F — > Fr.t that preserve the null foliations. Then the 
corresponding 1-forms (3r,t = 4>r t''-(^r,t)^ on F is in By- Assume that there is a 
smooth family of 1-forms {(3r,t] C By for r £ [0, 1] and t & small that extends 
{Pr,t} for r = 0, 1. We have 

Proposition 2 There exists a smooth family of integral coisotropic submani- 
folds {Yr^t} for r G [0, 1] and i g R small satisfying F^.o = F that extend {Yr^t} 
for r = 0, 1, such that the infinitesimal deformation along t direction at Y^^t is 
represented by [Pr^t] G i?"(S', H). 

Proof: The proof of this proposition uses essentially the same idea as that of 
Proposition^ For any Ua in the open covering {Uq} of S, assume the deforma- 
tion family {F^^t} of integral coisotropic submanifolds with Fr.o ~ tt^^{U) C F 
(resp. Yrfi = Y) for r e (0,1) (resp. r = 0, 1) extending {F^^f} for r = 0, 1 
is constructed for some open subset U d Ua such that the infinitesimal defor- 
mation at Yr^t for r G (0,1) is represented by G H^{U,'H). More pre- 
cisely, there exist deformation vector fields {Vu,r,t} and the flow {4>u.r,t} with 
Pu,r,t = 4>lj^r^ti(yu,r,t)i^ G '^ir-i((7) such that /3c/,r,t = PtAtt-^u) for r = 0, 1 
and [Pu,r,t] = [Pr,t]\u G H"{U,il) for r G (0,1). It is straightforward to 
see that these conditions imply that there exists a smooth family of func- 
tions {fu,r,t} on Yt = n~^{U) and 1-forms /3[/^t on U such that Pu^r.t = 
Pr,t\7T-^iU) + dfu,r,t + '^*P'u^r,t ^^d fu^r.o = fufl.t = fu,i.t = 0. In thc fol- 
lowing, we will extend the deformation family to {F^ t} with F^ o = T^^^{Ua) for 
rG(0,l). 

Pr,t G By implies that d/3r,t = T^*lr.t for some closed 2-form ^r,t on S. Since 
Ua is contractible, there exists 1-form on Ua so that ^r,t\uc = "^/^a.r,*- 

Then the closed 1-form I3a.r,t — Pr,t\-K-^(Uc) ~ '^*P'a.r,t '^^ '"'^^iUa) satisfies 
Pa,r,t\Fs = Pr.tlp, for s G Ua- Replacing Pu,r,t by Pa,r,t\-^-^{U) + dfu,r.t = 
Pu,r,t-T^*iPa,r,t\u+P'u^r,t)^ "^^ cau make f3u,r,t closed and /3c/,r,o = /^Q.r.oU-Hc/)- 
{yu,r,t} still generates the same {Yr^t} because the vector field corresponding to 
'^*{0'a,r,t\u + 0'u^r,t) tangent to F^,*. 

Let Ua be a small neighborhood of TT^^(Ua) in X. Since is very close to 

Yr.o — ^^^(U) for t small, we may construct projections Tr^^t : Ua — > T^^^iUa) 

so that ^r,t|y,.t = (t>u^r,t ■ ^r,t Yr^o = T^'^ (U) (rCSp. Trr,t|y,,tn7r-i(C/„) = 
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</.-,V,,.n.-i(c/») ■ Yr^trin-^Ua) ^ F.^o n^-i(f/„) - 7r-i([/„)) for r e (0,1) 
(resp. r = 0, 1) and TTrfilTv-^iUc) — id^-i(;7^) for r £ [0,1]. (Some of the open 
sets may need to be shrunk slightly, which does not affect our proof.) 

Extending {fu,r,t} from Tr^^{U) to a smooth family of functions {fa,r,t} on 

TT~'^iUa) still satisfy fa,r.O = fa.O^t = fa,l.t = 0. Then Pa,r.t = K,t{Pa,r,t + 

dfa,r,t) is a smooth family of closed 1-form on Ua satisfying l3a.r,o\-K-'^(Uc) ~ 
Pa^r,o and0^_^4(/3a,r,t|vv.t) = Pu,r,t (resp. '/>*,f(/3Q,r,t|y.,tn7r-i(;7o)) = /3r,tU-i(;7o)) 
for r 6 (0, 1) (resp. r = 0, 1) and small t. Then Va,r,t satisfying i(V^,r,t)w = 
Pa,r,t give rise to flows of symplectomorphisms on Ua- These flows generate 
the deformation family {l^r.t} with Yr.o = 7r^^(Ua) that extends the previous 
deformation family {i^r,t} with Yrfl ~ Tr^^{U). From the expression of I3a,r,t, 
clearly, the infinitesimal deformation along t direction at t is represented by 
eff°(C/„,H). 

With the above argument, we may start the induction with U = %. After the 
deformation family {Yr^t} is constructed over 7r~^([/yi), where f^A = [J Ua', 

a>£A 

take U = Ua H U^ for a ^ A. By induction, we can construct the family {l^r,t} 
globally. ■ 

A submanifold F C {X,uj) is isotropic if uo\f — 0. Let AAp denote the local 
moduli space of isotropic submanifolds near F modulo Hamiltonian equivalence. 
The following proposition should be well known. 



Proposition 3 For an isotropic submanifold F C {X^ld), there exists a canon- 
ical local open embedding ip : A4p ^ H^{F,M.). 

Proof: Let {Ft} be a deformation family of isotropy submanifolds with Fq = F 
and {Vf} be a smooth family of vector fields that generate the family, where Vt 
is only defined on Ft. Then uj\Ft — 0, di{Vt)uj\Ft = ^Vt'-^lPt = 0- 

Let J7 be a small tubular neighborhood of F. Then it is straightforward to 
see that for t small, each Vt can be extended to a vector field V/ on U so that 
i{Vt')uj is closed and {V/} forms a smooth family. Consequently, the family of 
isotropic submanifolds {Ft} is generated by the symplectic flow on U generated 
by {Vt}. Since H^(U,R) = i/i(F,R), a closed 1-form on U that restrict to 
zero on F is an exact 1-form. Hence a symplectic flow on U fixing F will 
be a Hamiltonian flow. Consequently, Adp can be identified with the local 
moduli space of symplectic automorphisms of U near the identity map modulo 
Hamiltonian automorphisms of U, which can be identified with the local moduli 
space of Lagrangian submanifolds of (J7, wjj/) x {U, —lu\u) near diagonal modulo 
Hamiltonian equivalence, which can be canonically identified with iJ^(C/, M) = 
H^{F, K) locally according to 0]. ■ 
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Theorem 1 There exists a canonical local open embedding iy ■ -Ady ^ H'^iS, H), 
under which the smooth orbit of symplectomorphisms can be locally identified 
with the kernel of H°{S,li) H^{S,R). 

Proof: Notice that any two isotropic fibres in an integral coisotropic submani- 
fold Y are Hamiltonian equivalent in X. Take F to be an isotropic fibre of Y. 
There is the natural map fi : My Mf- For any [Y'] e My, ni[Y']) = [F'], 
where F' is an isotropic fibre in Y' . Proposition ^ implies that locally ?f ° M 
maps Aiy surjectively onto 77°(S', H) ^ H'^{S,M.). To prove the first part of 
the theorem, we only need to show that ip o ^ is injective. More precisely, for 
two 1-parameter families {i^,t}r=o,i of integral coisotropic submanifolds with 
lo.o — Yifi = y, if ip o ^J■iYo,t„) = ip °M(^i,to)> then Yg^to is Hamiltonian equiv- 
alent to Yi,t(,. Assume the deformation 1-forms for the 2 families are {Pr,t}r=o,i- 

Consider the natural projection Try : By i?°(5, H). Cr{t) = ip o ^{Yr^t) 
for r = 0,1 form 2 paths in H°{S,li) with = [(3r,t] e H^{S,li). For 

r 0, 1, Cr{t) satisfying Cr(0) — 0, ^^^^^ — Pr,t is a path in By that lifts Cr{t), 
namely TTy{cr{t)) = Cr{t). It is straightforward to construct a smooth family of 
paths {cr{t)}relo.i] in H'^iS, H) that extend {cr{t)}r=o,i such that c.r(0) = and 
Cr{to) ~ co(io) for r G [0, 1]. Since ny is linear map, one can lift {cr{t)}re[o.i] to 
a smooth family of paths {cr(i)}re[o,i] in extending {cr{t)}r=o,i such that 
Cr(0) = and 7ry{cr{t)) — Cr{t) for r G [0, 1]. Let Pr,t — ^^^t^; then the family 
of 1-forms {f3r,t} C By for r G [0, 1] and i G M small extends {/3r.t} for r — 0,1. 

According to proposition |21 there exists a smooth family of integral coisotropic 
submanifolds {IV,*} for r G [0, 1] and < G M small satisfying Fr,o = Y that extend 
for r ~ 0,1, such that the infinitesimal deformation along t direction at 
Yr^t is represented by [(3r,t] G //"^(S*, H). Consequently, ip o fi{Yr^t) = Cr{t) for 
all r and t. In particular, ip o fi{Yr^to) = co(^o) for r G [0, 1], the infinitesimal 
deformation along r direction represents G iJ°(S', H) and is Hamiltonian by 
lemma 121 Therefore lo,to is Hamiltonian equivalent to Yi tg- This proves the 
first part of the theorem. The second part of the theorem is quite obvious in 
light of lemma |21 ■ 

Example: One of the simplest non-trivial integral coisotropic submanifold is 
the unit sphere in with the standard symplectic form. The Hopf fibration 
gives the null foliation, with the great circles being the isotropic fibres. The 
symplectic quotient S = = /S^. H is trivial over S*^ with fibres identified 
with H^{S^,R) = M. H°{S,li) ^ M, i/"(S',H) ^ H^iS,m.) is an isomorphism. 
The moduli space Mga = R>o parameterizes round spheres of radius r for r > 0. 
The map A^ga — > H'^[S,I1) that maps the unit sphere to is r — > i(r^ — 1). 
More generally, one can consider a symplectic manifold with a symplectic real 
torus action. The fibres of the moment map are natural examples of integral 
coisotropic submanifolds. 
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Appendix: Alternative proof of proposition [T] 

We will start with two propositions concerning the deformation of general coisotropic 
submanifolds (resp. pre-symplectic manifolds) that are not necessarily integral. 

Proposition 4 Suppose that there exists a smooth (or ) family of coisotropic 
submanifolds {Yt} in {X,uj). {Yt} is generated by local symplectomorphism,s if 
and only if {Yt,Lu\Yt) Cire equivalent as presymplectic manifolds. 

Proof: Assume that {Yt,uj\Yt) are equivalent as pre-symplectic manifolds. Then 
there exists a family of diffeomorphisms (pt ■ Yq —>■ Yt such that (fifUjlYt = uj\y„. 
Let {Vt} be a smooth family of vector fields that generate the flow (j>t, where Vt 
is only defined on Yt. Then di{Vt)uj\Yt — Cy^Lo\Yt = 0. 

Let f7 be a small tubular neighborhood of Yb- Then it is straightforward to 
see that for t small, each V* can be extended to a vector field V/ on U so that 
liyD^o is closed and {V/} forms a smooth family. Consequently, the family of 
coisotropic submanifolds {Ft} is generated by the local symplectic flow on TJ 
generated by {V/}. The other direction of the proposition is obvious. ■ 

Proposition 5 Let Y C w) be a coisotropic submanifold, and {{Yt^uot)} 
(fort in a small neighborhood ofO€ M.') be a family of pre-symplectic manifolds 
such that Yq = Y, ujq = w|y and [ujt] G H^{Yt) = H'^iY) is constant class. 
Then there exists a family of coisotropic embeddings Yt (X, w) for small t, 
such that ujt = w | . 

Proof: Let U he a small tubular neighborhood of F in X. According to ^[3], 
there exist a smooth family of coisotropic embeddings (j)t : Yt ^ {U,uit) such 
that oJilvt = and (Do = (^\u- By assumption, [wt] G H'^{U) = H'^{Y) rep- 
resent constant class. There exists a smooth family of symplectic morphisms 
'i/'t : ([/, Wt) — > {X,uj) with f/^o = idf/. 4't ° 4't will give us the desired family of 
coisotropic embeddings for small t. ■ 

Alternative proof of Proposition [ij Let pi : H°{S,U) H'^{S,R) be 
the natural map. The integral deformation of integral pre-symplectic manifold 
(y, a;|y) is equivalent to the deformation of symplectic manifold {S,lus), which 
is well known to be unobstructed and locally parameterized by H^{S, M). Hence 
there exists a family of pre-symplectic manifolds {{Yt,ujt)} such that Yq = Y, 
LUo = i^\Y and the infinitesimal deformation is represented by pi ([/?]). Since the 
image of pi is in the kernel of p2 ■ H'^{S,M.) R), proposition [S] implies 

that there exists a family of coisotropic embeddings Yt {X, ui) for small t, 
such that u!t = cjjy . Let the infinitesimal deformation of the integral coisotropic 
sybmanifolds be represented by [/3j] at Yt. Then pi ([/?]) = Pi([/^t]) for all t. By 
lemmalU we may assume /3 — /3j to be closed for all t. Consequently, by adjusting 
the family of integral coisotropic submanifolds {Yt} with local symplectic mor- 
phisms defined on a neighborhood of Yt , one can ensure that the infinitesimal 
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deformation at Yt be represented by [(3] for all t. 



Remark: This simple proof is based on suggestions from Prof. Yong-Geun Oh. 
The major difference of this proof from the original proof is that the original 
proof does not use the coisotropic neighborhood theorems from P E], while 
this proof need the smooth family version of coisotropic neighborhood theorems 
from PI3|. Of course, it is also interesting to see if Proposition[5]can be proved 
by propositions ^ and m Although Proposition El was not explicitly formulated 
and proved in ^j, the essential idea behind Proposition in some other form is 
already mentioned in section 8 of 0, which modulo some standard arguments 
in symplectic geometry should imply Proposition |31 
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